The paper investigates relationship between accounting and market indicators of Russian companies. The goal of the paper is to test the hypothesis that the power of companies' book value and earnings in explaining market value varies across Russian firms with different growth potential. Empirical study was carried out on the basis of 41 Russian traded companies that provided financial reports in accordance with international financial reporting standards (IFRS) for 2007-2013. These companies were divided into three groups using priceto-earnings indicator: with high, medium and low growth potential. The linear regression model based on the Ohlson's theoretical model was tested both on the whole sample of companies and on each subsample, the latter constituting a piece-wise linear function (growthbased model, GBM). The results of the tests show that GBM shows better accuracy in predicting companies' market capitalization than basic linear model. This result contributes to the stream of literature on non-linear equity valuation and provides insights for valuing Russian companies.
The problem of companies' valuation is re ceiving nowadays an increasing amount of attention among academics as well as busi ness practitioners. A company's value can be defined in two ways according to differ ent aspects of a firm's presence on the mar ket [Bukhvalov, Volkov, 2005] . Firstly, a com pany is present on the real market where its purchases, manufacturing and sales op erations take place. These operations are reflected in corporate accounting system and have an impact on a firm's accounting reports. Based on these accounting reports, a firm can assess the prospects of its future financial position and results, which leads to the fundamental valuation of the company.
The model that is traditionally used to as sess a company's fundamental value was proposed by J. Ohlson [Ohlson, 1995; Fel tham, Ohlson, 1995] . Secondly, a company itself can be considered as an object of trade on the capital market where the rights of ownership and control are redistributed. Such an approach leads to another corporate value indicator -market value or capitalization.
Market indicators of a company are con sidered to be dependent on its accounting indicators [see, e. g., Barth, Beaver, Lands man, 2001; Holthausen, Watts, 2001] . The general idea is that corporate accounting reports are the main means of communica tion between a company and its investors. Consequently, based on accounting reports, investors can formulate their vision of a com pany's prospects as well as assess its risks [ElGazzar, Finn, Tang, 2009] .
Over the last decades a lot of studies have considered the nature of relationship be tween fundamental value of a company's equity (or separate accounting indicators of a company) and its market value (e. g., [De chow, Hutton, Sloan, 1999; Myers, 1999; Morel, 2003; Gregory, Saleh, Tucker, 2005] ). In doing so, the researchers tried to iden tify the accountingbased valuation model with the most explanatory power (e. g., [Ash baugh, Olsson, 2002] ). To put it different ly, these studies emphasized the issue of value relevance of accounting information [Barth, Beaver, Landsman, 2001 ; Hol thau sen, Watts, 2001; Ciftci, Darrough, Mash ruwala, 2014] .
It should be noted that the majority of studies on fundamental valuation were con ducted on the basis of data from developed markets, whereas emerging markets have received significantly less attention in this regard. The first paper to study the relation ship between accounting and market indica tors of Russian companies was [Bukhvalov, Volkov, 2005] . The authors came to a pre liminary conclusion that the book value of equity as well as residual income can predict the market capitalization of companies on the Russian market. [Volkov, Berezinets, 2006] analyzed the comparative explana tory power of different valuation models on the Russian market. [Bukhvalov, Akula eva, 2014] presented a modification of the Ohlson model and recommended its use as an instrument to assess the strategic value of the company (in terms of [Grant, 2010] ). The impact of M&A deals on the fundamen tal value of companies from BRIC countries is studied in [Rogova, Luzina, 2015] . The authors reveal that M&A deals positively influence the fundamental value per share for acquirers. The wide range of issues con cerning valuation of Russian companies is covered in [Bukhvalov, 2012] .
The goal of the current paper is to test the hypothesis that the relationship between book value, earnings and market capitaliza tion of Russian companies is not homogenous among different types of firms. The corre sponding result has been obtained in many previous research papers [e. g. Burgstahler, Dichev, 1997; Collins, Pincus, Xie, 1999; Sohn, 2012; Herath et al., 2015] . They show that the power of companies' earnings and book value in explaining market capitaliza tion differs significantly between companies with different financial position and eco nomic prospects. Precisely, book value is shown to be more significant in explaining market value for companies with low effi ciency / low growth potential, while earnings are more important in explaining market value for companies with high efficiency / high growth potential. Given that these re sults have been achieved on developed mar kets data, there was a strong motivation to investigate the same relationship on the emerging market of Russia. We use the growthbased model (GBM) that presents the corresponding relationship in the shape of piecewise linear function, with each line segment referring to companies with differ ent growth potential. This is the first time 563-576 (2018) this model is tested on the sample of Russian firms.
The paper is organized as follows. Sec tion 1 discusses the existing approaches to modelling the relationship between account ing and market indicators of a company. Section 2 provides research methodology. Section 3 presents the research sample used as well as descriptive statistics of data. Section 4 contains description of empirical results and their discussion. Section 5 con cludes and provides directions for future research.
The relationship between accounting and market indicators of a company: non-linearity and dependence from companies' growth potential
The traditional approach to fundamental valuation of a company is generally based on the discounted dividends model. This model relies on the assumption that the value of a company depends in the first place on the discounted stream of its future dividends. This approach did not show the direct link between accounting data and a firm's value [Bernard, 1995] . In 1995 Ohl son proposed a model of companies' valua tion that, under certain assumptions, mit igated this deficiency by stating the re lationship between a company's financial statements indicators and its value with out direct consideration of dividend fore casts [Ohlson, 1995; Feltham, Ohlson, 1995] . Within this model a company's fundamen tal value is a linear function of its book value of equity and a stream of discounted abnormal earnings that a company is ex pected to generate in the future. In other words, this model implies that the future abnormal earnings (which can be regarded as a proxy of a company's prospects) causes the fundamental value of equity to deviate from its book value on either the positive or negative side.
Around the end of the 1990s the first papers devoted to the empirical testing of the Ohlson model appeared (see, e. g., [De chow, Hutton, Sloan, 1999; Myers, 1999; Morel, 2003] ). In these papers several as sumptions of the model were tested using statistical methods on large samples of com panies' data. One stream of research papers indicates that linear functions are not the best way to approximate the impact of earn ings and book value on equity value of a com pany. For example, the paper [Burg stah ler, Dichev, 1997] reveals that equity value of a company is, indeed, a function of both earnings and book value, however the func tional relationship is convex. Using a large sample of Compustat companies from 1976 to 1994, the authors show that the coeffi cient on earnings increases when the ratio of earnings to book value goes up, while the coefficient on book value at the same time decreases. The study [Collins, Pincus, Xie, 1999] additionally shows that book value of equity plays an important role in price earnings relationship: the omission of this variable creates negative bias in the coef ficient on earnings for loss firms and positive bias in this coefficient for profit firms. This study also reports that the overall effect of earnings on market value is not the same across the sample considered: the coefficient on earnings is significantly larger for prof it firms, than for loss firms.
The results obtained in [Burgstahler, Di chev, 1997; Collins, Pincus, Xie, 1999] ex plicitly state that the relationship between accounting and market indicators is not homogenous across firms. Precisely, the na ture and power of this relationship depends on companies' financial position and results as well as their prospects for development. This finding is also reflected in [Zhang, 2000] who elaborates a valuation model that con siders the following options for a company: a firm may prefer to expand its business operations when corporate activities are prof itable (expansion option) or to close them down when corporate activities are unprof itable (abandonment option). Hence, the model considers the nonlinear nature of the relationship between equity value, book value and earnings. What is more, the im pact of earnings and book value on equity value is expected not to be the same depend ing on companies' growth potential. G. Zhang stipulates that given book value, there is a positive relationship between equity value and earnings for all companies. At the same time, the model expects book value to be more powerful in explaining equity value than earnings for lowefficiency firms, while the opposite result is expected for steady state firms.
These findings can be explained econom ically. Book value of equity, according to accounting rules, represents the historical value of the resources that a company pos sesses. The efficiency of usage of these re sources is generally measured by a company's earnings. Thus, it seems logical that net income is considered to be of greater im portance for the determination of successful firms' value than balance sheet indicators. Alternatively, the book value of equity is more important for determination of value of the companies which resources are more likely to be used more efficiently in the al ternative way compared to their current employment, i. e. for lowefficiency or finan cially distressed companies.
In [Sohn, 2012 ] the Zhang's model is empirically tested on the sample of all firms listed on the NYSE, AMEX and NASDAQ with available data for 1976-2006. The main findings are consistent with Zhang's mod el predictions. They reveal that firms with a large expansion (abandonment) option val ue experience better (worse) financial per formance than those with a small options' value.
There were attempts to explicitly incor porate a real options component into the Ohlson model. According to the model pro vided in [Ashton, Cooke, Tippett, 2003 ], a company's equity value consists of two components: recursion value of equity (pres ent value of future cash flows) and adapta tion value (value of real options). [Ataullah, Hig son, Tippett, 2006 ] use a sample of UK firms in order to empirically assess the ex tent to which real (adaptation) option con tribute to the value of equity. [Ataullah, Rhys, Tippett, 2009] use the approach by [Ashton, Cooke, Tippett, 2003 ] in order to assess forms and magnitude of bias that are caused by using a linear model specification instead of a nonlinear one. Their results show that this bias is especially pronounced for lossmaking companies. The paper [He rath et al., 2015] proposes a nonlinear eq uity valuation model that explicitly incor porates growth and adaptation options avail able to companies. The model is empirically tested on the sample of 226 165 firmyear observations for 57 year period . The results confirm the existence of a nonlinear relationship between equity value and accounting indicators. Ad di tion ally, book value is revealed as being more important in explaining equity value for lowefficiency companies, while earnings are more important in explaining equity value for highefficiency companies.
research methodology
The research was carried out in several stag es. At the first stage, the relationship be tween accounting and market indicators was carried out for the whole sample of compa nies. The relationship between firms' market capitalization, book value of equity and net income was tested via regression model pro vided in [Collins, Pincus, Xie, 1999] , that had been derived directly from the Ohlson's theoretical model [Ohlson, 1995] . We made two major adjustments to the model by [Col lins, Pincus, Xie, 1999] . Firstly, in our pa per this model was tested with zero inter cept (constant term), implying that there is no economic sense in nonzero market value of a firm which is characterized by zero earnings and book value [Bukhvalov, Akulaeva, 2014] . Secondly, all the indica tors were taken in absolute, not per share, numbers [Bukhvalov, Volkov, 2005] . As a re sult, the model specification is as follows:
where MV j is the company's market capi talization for the year; NI j is the company's net income for the year; BV j -1 is the com pany's book value at the beginning of the year; ε j is an error term. At the second stage, the GBM was de signed to assess the influence of the same independent variables on market capitaliza tion for the firms with different growth potential. The growth potential of each com pany was measured using pricetoearnings (P/E) indicator [Siegel, 1998; 2013; Herath et al., 2015] . According to [Siegel, 1998 ], stocks that exhibit high pricetoearnings ratios are called growth stocks, because high P/E ratio can be associated with expecta tions of future earnings growth. This is reasonable because overvaluation of com pany's current activities by the market can be mostly due to high expectations of inves tors for future cash flows. The P/E ratio was computed in accordance with the fol lowing formula:
Hence, the sample was divided into three subsamples with equal number of observa tions by pricetoearnings (P/E) ratio: "low", "medium" and "high". Observations with highest P/E ratio (1 st third of the sample) were allocated to the "high" group which means that these companies are perceived by investors as having high growth potential due to company's overvaluation compared to their book value. Observations with mod erate P/E ratio (2 nd third of the sample) were allocated to the "medium" group mean ing that these companies are evaluated in conformity with their book value and no significant growth is expected. The "low" group (3 rd third of the sample) was con structed from companies with low P/E ratio and companies for which the multiple is not applicable, i. e. firms with negative net in come. These companies are unlikely to grow in the foreseeable future and mostly are on the verge of bankruptcy or reorganization.
To introduce a GBM, for each subsample the following linear OLS regressions were built:
where subscripts l, m, h indicate low, me dium and high growth potential groups re spectively. Estimated coefficients of models (3)-(5) were tested for difference using a series of Chow tests [Chow, 1960] . Firstly, the sta tistical significance of the difference in the regression coefficients of (3)- (5) was tested individually for each pair of coefficients. The null hypotheses assumed the equality of the coefficients. Secondly, the joint hy potheses were tested for the difference of the whole models (3)-(5) compared to each other. The comparison of the models for dif ferent groups of firms was performed with the null hypotheses that both coefficients for net income and for book value are equal between the models (3)-(5). These joint tests provide an opportunity to analyze the dif ference in the explanatory power of inde pendent variables for the three subsamples. Thirdly, the GBM regression coefficients were tested for the statistically significant difference from the estimates of the basic model. In doing so, we tested the adequacy of the piecewise linear functional form that was selected to approximate the relationship between a company's accounting and market indicators.
At the third stage, additional analyses were conducted in order to compare the ex planatory power of the basic model and GBM. These analyses were based on the comparison of predicted market values ac cording to (1) and (3)- (5) with actual capi talizations.
The following methods were used:
1. Samples' mean and variance equality tests Test for means' equality has the following shape: 
where i x is sample mean, n i is sample size, S i 2 stands for sample variance. Test for variance equality can be pre sented as follows:
where S i 2 is sample variance.
Mean absolute percentage error comparison
Another approach was based on mean abso lute percentage error (MAPE) that is com puted according to the following formula:
where A t is actual value, F t is estimated value. The use of absolute values in (10) provides an opportunity to account for both overes timation and underestimation of the firm value as an error in the model. Additional advantage of this indicator is that the per centage estimation supports the indepen dency of judgement from the size effect of the companies in the samples.
sample
The initial sample was formed from Russian traded companies which provided consoli dated financial reports according to interna tional financial reporting standards (IFRS) for 2007-2013. Later years have not been considered to avoid the influence of econom ic sanctions that started in 2014. These sanc tions increased the volatility of rouble ex change rate and thus complicated analysis performed on the data measured in Russian national currency. After initial sample was completed, companies from finance sector were excluded. What is more, we excluded observations (companiesyears) for which at least one of the variables was missing. Finally, we arrived at a dataset with seven years of observations for 41 companies. The total amount of observations is 207.
The main sources of accounting data were SKRIN database (http://www.skrin.ru) and the official web sites of the companies. The sources of market data were online databas es Investfunds (http://www.investfunds.ru) and Bloomberg Institute (http://www.bloom berg.com). They report market capitalization of the companies at any required date.
In case the company reported its finan cials in other currency than Russian roubles, the accounting data were recalculated into national currency using the exchange rate of Central Bank of Russia at the last day of the year.
The resulted sample was divided into three subsamples ("high", "medium" and "low") according to their P/E ratio. The subsamples consisted of the equal number of observa tions: 69. The maximum value of P/E in the "high" group was 57.4; in the "medium" group 11.8; and in the "low" group 4.95. Table 1 presents descriptive statistics for the overall sample as well as for the sub samples of data used.
According to Table 1 , the largest mean capitalization corresponds to the companies of "high" subsample. This is in line with the fact that these companies have the larg est P/E ratios. The smallest mean value of market capitalization belongs to the com panies of "low" subsample (subsample with the lowest P/E ratios). Some of companies of this subsample also have negative net income. Table 2 provides OLS estimates of coeffi cients of the regression models that were tested both for the overall sample and sub samples. Table 2 shows that the models that were tested both on the whole sample of data and on subsamples are statistically significant at 1% level. All the variables (except for the "low" subsample) are also statistically significant and have direct relationship to market capitalization as expected. For the "low" group net income variable is not sig nificant in the model, meaning that net in come does not affect market value for the firms, which barely have growth potential. As for the "medium" group, the results are foreseeable: both net income and book val ue of equity play a significant role in ex plaining the firms' market value. However, judging by the value of the coefficient, net income has more explanatory power than book value for this group of companies. In the "high" group the results are opposite to the ones obtained in the low group. Both variables are statistically significant at 1% significance level. However, the role of book value is rather small in explaining the cap italization of high growing firms. In order to test whether GBM better fits the empirical data, it was important to con duct a statistical test for the difference be tween these regressions' coefficients.
results and discussion
First of all, the groups' coefficients have been compared by pairs. Table 3 summa rizes the results of the tests.
Each pair of coefficients individually is statistically different at 1% significance level except for the pair b 2l -b 2h , which is supposed not to be equal only at 5% level. That means the difference in explanatory power of book value on market value between low and high growth firms is smaller com pared to the other pairs of subsamples.
It was also reasonable to compare the mo dels as a whole between groups, i.e. con duct a joint hypotheses testing that the coefficients for net income and book value together vary across groups. The correspond ing results are presented in Table 4 . Table 4 shows that all three models are statistically different, because low pvalues allow us to reject the null hypothesis that both pairs of coefficients in regressions are equal. Together with individual tests, this result means that the estimated equations for three groups of companies are statisti cally different.
After that, we tested the difference of the models built on subsamples and on over all sample. * -significant at 10%; ** -significant at 5%; *** -significant at 1%. of the Chow tests for the difference between each subsample regression coefficients and overall sample regression coefficients. The Chow tests show that the regression coefficients of "medium" and "high" groups on net income and book value of equity variables are statistically different from coefficients of the regression for the whole sample. However, for the "low" group the coefficient on net income is the only one that significantly differs from the overall regression coefficients. The hypothesis that b 2l coefficient on book value in the "low" group equals to the coefficient on the same variable in the whole sample regression was not rejected.
After a series of Chow tests revealed that the estimation of regression coefficients on the subsamples of companies with different economic growth was appropriate, we could compare the explanatory power of GBM and that of the basic model. First of all, we com pared R 2 . The result shows that the explan atory power of GBM is higher than the ba sic one, since average adjusted R 2 of this model is 0.82 compared to 0.65 of the basic regression. It was also possible to test the accuracy of market value estimation by both models by comparing the following sets of data: actual capitalizations to those estimated with regression model built on the whole sample; and actual capitalizations to those estimated with GBM. Table 6 summarizes the statistics of each analyzed sample.
As shown in Table 6 , GBM delivers esti mated values that have mean and standard deviation closer to the actual data than those predicted by the basic model. Table 7 pres ents the results of means and variance equal ity tests between actual capitalization and GBM predicted values and between actual capitalization and the basic model predicted values.
As Table 7 shows, it is not possible to the reject the hypothesis about the equal ity of means between actual capitalization and that delivered via the basic model. How ever, the variance of capitalization predict ed by this model is statistically lower than the variance of the actual capitalization. At the same time, according to the results, GBM gives more precise estimation of mar ket value, since it is not possible to reject hypotheses about equality of means and vari ances between predicted values of market capitalization delivered via GBM and ac tual capitalization.
Another test for model accuracy was per formed via MAPE indicator computed ac cording to (10) for each subsample. The results of MAPEs calculation are presented in Table 8 .
As shown in Table 8 , both average MAPEs and MAPEs on individual subsamples for GBM are lower than those for the basic model. The largest MAPEs for both models are achieved on the subsample of the low growth companies.
All the above analyses generally provide evidence that the GBM which accounts for the groups' differences in economic growth outperforms the basic model which treats all the companies equally. Based on the re sults of our research, the following inference can be made for the companies with differ ent economic potential.
Firms with low growth potential
As has been predicted, the main explana tory factor on market capitalization for the firms with low growth potential is book value of equity. Companies that have low P/E ratio or negative earnings, according to investors, provide small opportunities for growth, that is why the contribution of earnings into market value of these compa nies is small. The market usually evaluates these companies mostly on the basis of book value of equity that gives a proxy of their liquidation value.
Firms with medium growth potential
For the firms with medium growth poten tial both net income and book value indica tors contribute to market value of these companies, although book value of equity has lower explanatory power on the capital ization than net income. This is consistent with G. Zhang's prediction that for steady [Zhang, 2000] .
Firms with high growth potential
The regression analysis has shown that both net income and book value of equity are sig nificant in explaining companies' market capitalization with net income having more explanatory power. This result supports the idea that the growing firms should be eval uated mainly by the future or expected earn ings they can generate, not by their liquida tion value. On the other hand, the signifi cant explanatory power of book value of equity may be caused by the fact that this variable should be interpreted differently for this group of companies. According to [Burgstahler, Dichev, 1997] assets are used more efficiently in the firms with high growth potential compared to the firms with low growth potential. Therefore, the book value for the high growth group should be treat ed as the base for future profit generation, not as a proxy for liquidation value as in the case of the low growth group.
conclusion
The current study was devoted to the rela tionship between book value, earnings and market capitalization of Russian companies. We followed the propositions of [Burgstahler, Dichev, 1997; Collins, Pincus, Xie, 1999; Zhang, 2000] , according to which the rela tionship between accounting and market indicators of a company is nonlinear and, what is more, depends on a firm's financial position and prospects for development. The sample for empirical study consisted of 41 companies that prepared their finan cial reporting according to IFRS for 2007-2013. They were divided into three sub samples ("low", "medium" and "high") ac cording to P/E indicator. The group with the highest P/E values was labeled as hav ing high economic growth potential; the group that had the lowest P/E or negative earnings was considered as having low eco nomic growth potential; the group with medium P/E values was supposed to have medium economic growth potential.
Two kinds of regression analysis were performed for this sample of companies. The first approach was to test the linear regres sion model that links market capitalization to book value of equity and net income on the whole sample. This approach is based on the Ohlson's valuation model. The second approach was to test the model with the same variables on each subsample ("high", "me dium" and "low") separately. To put it dif ferently, the latter approach uses piecewise linear relationship and is called GBM.
A series of tests was performed in order to compare these two approaches. Firstly, the Chow tests showed that GBM is more appropriate than a single linear function on the sample of data considered. Additionally, it was shown that GBM delivers estimates of market capitalization that are closer to actual data than those obtained via a single linear model. In other words, it was shown that on the sample of data considered the model, which accounts for difference in re lationship between capitalization, book val ue and earnings for firms with different growth potential has higher explanatory power than the basic linear model that makes no distinction between companies.
Additional insights were obtained for separate indicators on the ability to explain market capitalization. The explanatory pow er of net income increases with the growth potential of a company, while the low grow ing firms' market value is not driven by net income at all. The book value of equity, on the other hand, has strong relationship with the market capitalization for low growing firms and for high growing firms. The cor responding relationship for firms with me dium growth potential is weaker.
The main limitation of our study is a rel atively small sample size that is generally restricted, first, by the number of actively traded Russian companies and, second, by the period of observation that can hardly be enlarged. After 2014 the macroeconom ic conditions in Russia have changed sig nificantly and, hence, the analysis of rela tionship between market and fundamental value of Russian companies became more complicated. The main issue concerns in creased rouble volatility that undoubtedly influences both accounting and market in dicators. As a result, it becomes unclear what currency should be used in calculations and how to single out the effect caused by sanctions and subsequent changes of cur rency exchange rate.
We believe that the results of current study have practical importance, since they provide insights on valuing Russian compa nies. The main conclusion is that valuation models should differ according to economic characteristics of companies, precisely, their financial position and growth perspectives. By identifying a company's growth poten tial, it becomes possible to predict what ac counting indicator (book value or earnings) will explain the major part of its market capitalization in recent future. On the oth er hand, ignoring the difference in valuation of companies with different growth potential may lead to misevaluation of the company and errors in decisionmaking.
A potential direction for future research could be additional development of non linear equity valuation models. As the paper [Ataullah, Rhys, Tippett, 2009 ] points out, empirical research on the determinants of market value of equity is still predominant ly based on linear models that do not account for real options available to companies and, hence, produce biased results. The elabora tion of advanced optionbased models would mitigate this bias and make the valuation results more accurate.
